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Storage of cuttings before and after grafting influences survival
and vigor of vine grafts

Several grafting methods have been developed, and bench grafting with stratification is the most widely used
technique, except in Brazil, which is still in adaptation. The objective of this study was to evaluate for how long plant
material can be stored before the grafting and the optimum temperature for stratification. Cultivar ‘Paulsen 1103’ was
used as rootstock and ‘Niagara Rosada’ as scion cultivar. The storage period treatments were 0, 30, 60 and 90 days at
the temperature of  3 °C and 95% of relative humidity. After the storage period, the branches were removed from the
cold chamber, taken to grafting, and then placed at 19 °C and 24 °C for stratification. After 21 days of stratification, the
vine grafts were planted in commercial substrate and left to grow for 160 days. The vine cuttings of cultivars Niagara
and Paulsen 1103 can be stored in cold chamber at 3 °C for 90 days and, during this period, bench grafting can be
performed at any time. However, the vines from cuttings stored in cold chamber for more than 30 days have better
growth. It is recommended to stratify the vine grafts at 19 °C.

Keywords: stratification; bench grafting; propagation; Vitis spp.

Rafael Henrique Pertille1* , Marcos Robson Sachet2, Marieli Teresinha Guerrezi2,
Chaiane Renata Grigolo1, Idemir Citadin1

10.1590/0034-737X202067060010

This is an open access
article under the CC BY

license Creative Commons

INTRODUCTION
The success of viticulture is directly related to the

quality of the vine grafts used in the vineyard implantation.
Among the several grafting techniques developed, the
bench grafting with callus forcing, which was created in
France in 1960, is the most widely used in grape producing
countries, except in Brazil, where the technique is still in
adaptation (Regina, 2002; Regina et al., 2012). The
technique has been continuously studied and has been
presenting satisfactory results in the production of quality
vine grafts (Köse e Güleryüz, 2006; Korkutal et al., 2011;
Regina et al., 2012; Maroli et al.,2014; Vršiè et al., 2015;
Assunção et al., 2016). This technique involves a few
steps that must be followed strictly, which are: collecting
and preparing propagative material, cold storage in high
humidity, grafting, forcing, and planting. However,
important aspects of some of these steps have not yet
been clarified for some scion/rootstock combinations,

such as the storage time to overcome endodormancy and
the temperature for callus forcing. The forcing stage
ensures the success of the technique because of the great
cell proliferation for the callus formation and for the tissues
of the rootstock and the scion to grow together. A proper
callus formation will result in a good vascular connection
between the scion and the rootstock, ensuring plant
survival (Bidabadi et al., 2018; Martínez-Ballesta et al.,
2010).  Thus, the objective of this study was to identify
the optimum storage time and the optimum forcing
temperature to produce quality vine grafts with
satisfactory initial vegetative growth.

MATERIAL  AND METHODS
The experiment was conducted in the experimental area

of Universidade Tecnológica Federal do Paraná, Câmpus
Pato Branco. The cultivar ‘Paulsen 1103’ (Vitis berlandieri
x Vitis rupestris) was used as rootstock and ‘Niagara Ro-
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sada’ (Vitis labrusca) as scion. Branches, with
approximately 1m length, of the rootstock and the scion
were collected on May 20, 2016, from mother plants
maintained at the Experimental Vine Station - EPAGRI, Santa
Catarina. After the collection, the branches were kept in
containers with the base submerged in water and later
stored in a cold chamber at 95% humidity and temperature
of 3 ºC.

The material was stored for 0, 30, 60, and 90 days. At
the end of each storage period, the branches were removed
from the cold room and taken to the Fruit Laboratory to
perform the grafting. The material was disinfected in
sodium hypochlorite solution (1%) for 10 minutes, then
rinsed in tap water (three times), and sprayed with alcohol
(70%). Cuttings, 25 to 30 cm long, were taken from the
branches of the rootstock with two to three buds and cut
through its bottom end at 1 cm below the last bud and the
top end at about 3 cm above the last bud. All rootstock
buds were removed to avoid sprouting. The cuttings were
grouped in blocks according to their diameter, in order to
reduce the experimental error. Cleft grafting was performed
by hand. The graft junction was wrapped with
biodegradable paraffin tape (Buddy Tape®) and sprayed
with fungicide solution (Thiophanate methyl 20% +
Chlorothalonil 50% – 2g / L). The top 2/3 of the grafts
were wrapped in newspaper paper and placed in plastic
containers, with the basal ends of the grafts immersed in
water to up to 1/3 of their height.

The vine grafts were placed in controlled temperature
chambers and kept in the dark for 21 days for forcing at a
temperature of 19 °C or 24 °C, with relative humidity around
90%. After stratification, the basal ends of the grafts were
dipped in 2000 ppm indolebutyric acid (IBA) solution for
five seconds, planted in pots containing commercial
substrate, and kept in greenhouse under drip irrigation
for 160 days. The initial sprouting was monitored using
the BBCH phenological scale (Lorenz et al., 1994), up to
70 days after planting. At 160 days after transferring the
grafts to the greenhouse, the evaluation of survival and
destructive analysis of the grafts was carried out for each
treatment. The variables evaluated were root number, root
length, shoot length, leaf area, shoot dry mass, and root
dry mass. The leaf area was measured with a leaf area
integrator (LI-COR, model LI-3100C). The experiment was
arranged in a 4x2 factorial (storage time and stratification
temperature) randomized block design, with four
replicates. The experimental units consisted of 20 grafts,
totaling 640 grafts. Data were analyzed by Anova and the
Tukey’s test. The assumptions of the Anova were
evaluated by tests and graphically, and the variables
survival and leaf area were transformed. All analyzes were
performed in R language version 3.6.0 (R Core Team, 2019)
with the package ExpDes.pt v. 1.2.0 (Ferreira et al., 2018).

RESULTS
No significant interaction was found between storage

times and stratification temperatures for survival
percentage and number of roots (Table 1). Survival rates
were high in all treatments (78.1 to 85%), with no difference
between the storage time. For forcing temperatures,
survival was higher when grafts were kept at 19 °C (89.4%)
than at 24 °C (72.8%). Number of roots was most favored
by the storage time of 60 days, but do not differ from 30
days. The highest number of roots was recorded at the
forcing temperature of 19 °C.

Shoot and root length were the longest in the treatment
at forcing temperature of 19 °C, in the storage time of 90
days (Table 2). Root length in the storage time of 90 days
not differ from 60 days treatment. However, at 24 °C, the
storage time of 60 days contributed the most to the root
and shoot length, but in shoot length the storage time of
60 days do not differ from 30 days and 90 days. At 90 days
of storage, the forcing of the grafts at 19 °C allowed a
much superior shoot growth than the grafts subjected to
forcing temperature of 24 °C. The variables leaf area, shoot
dry mass, and root dry mass had a similar behavior to the
variables shoot length and root length, and had significant
interaction between storage times and stratification
temperatures (Table 3). The greatest leaf area, shoot dry
mass, and root dry mass were found for the treatment 90
days of storage and forcing temperature of 19 °C, but in
variables leaf area and root dry mass the 90 days of storage
do not differ from 60 days. At the temperature of 24 °C, the
optimum storage periods for leaf area were 60 days and 30
days; for shoot dry mass was 60 days, do not differing
from 30 days and 90 days; and for root dry mass was 60
days, do not differing from 30 days (Table 3).

The treatments 60 and 90 days of storage had a faster
evolution of the phenological stages and reached a higher
stage at 70 days after planting (Figure 1). Vine grafts that
remained under the temperature of 24 °C in the forcing
period had a higher phenological stage at the time of
planting, but at 70 days after planting, both temperatures
had close phenological stage means.

Table 1: Survival rates (S) and number of roots (NR) under
different periods of storage and stratification temperatures

Period S (%) NR

0 days 85ns 15.5 c
30 days 78.1 25.2 ab
60 days 81.3 30.8 a
90 days 80 21.1 bc

19°C 89.4 a 26.7 a
24°C 72.8 b 19.6 b

CV (%) 35.23 23.25

* Means followed by different lower case letters in the column are
significantly different by the Tukey’s test (p < 0.05).



503Storage of cuttings before and after grafting influences survival and vigor of vine grafts

Rev. Ceres, Viçosa, v. 67, n.6, p. 501-505, nov/dec, 2020

DISCUSSION

The high percentages of survival for all storage periods
of the cuttings show that the plant material can be stored
for up to 90 days without reducing the survival of vine
grafts. The lower survival rate at 24 °C may be due to the
sprouting occurring already during the stratification.
Sprouts might deplete the reserves of the cuttings and
reduce the chance of root formation, not allowing allocation

of resources to support the growth of shoots already formed.
Maroli et al. (2014) found similar results working with cv.
Bordô (Vitis labrusca)/Paulsen 1103, obtaining higher
survival rate at 19 °C (75%) and lower at 24 °C (67.5%). The
excessive callus growth, due to the higher temperature, may
also have contributed to the lower survival of the grafts.
The survival rates in this study remained close to or higher
than the means achieved by French nurseries that use bench
grafting (Regina et al., 2012).

Table 3: Mean leaf area (LA), shoot dry mass (SDM), and root dry mass (RDM) under different periods of storage and stratification
temperatures

                               LA (cm²)                               SDM (g)                                RDM (g)  

 19 °C 24 °C  19 °C 24 °C  19 °C 24 °C

0 days 253.1 cA* 152.4 cB   8.9 cA   8.6 bA   8.8 cA   8.4 bA
30 days 347.3 bcA 362.2 aA 10.9 bcA 10.5 abA 11.7 bcA 12.5 abA
60 days 588.7 abA 598.5 aA 13.1 bA 13.2 aA 19.2 abA 19.5 aA
90 days 994.5 aA 204.3 bB 17.4 aA   9.6 abB 27.3 aA 11.0 bB

CV (%)                              26.9                             18.1                                11.9

*Means followed by different lower case letters in the column and capital letters in the row are significantly different by the Tukey’s test
(p < 0.05).

Table 2: Shoot length (SL) and root length (RL) under different periods of storage and stratification temperatures

                                          SL (cm)                                             RL (cm)

19 °C 24 °C  19 °C 24 °C 

0 days 14.4 bA* 11.7 bA 32.3 cA 40.2 bA
30 days 22.5 bA 23.7 abA 45.9 bcA 41.9 bA
60 days 40.9 bA 48.4 aA 58.2 abA 70.6 aA
90 days 81.1 aA 33.9 abB 77.1 aA 46.1 bB

CV (%)                                            44.04                                             19.28

* Means followed by different lower case letters in the column and capital letters in the row are significantly different by the Tukey’s test
(p < 0.05).

Period

Figure 1: Evolution of the phenological stages up to seventy days after planting. Dashed lines represent the means of the stages for
each stratification temperature. Error bars represent the standard errors of the means (n = 4).
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The period of 90 days of storage favored chilling
accumulation to break dormancy in the cuttings, but
induction of sprouting occurred when stratified under the
temperature of 24 °C. The partition of carbohydrate reser-
ves to callusing, rooting, and sprouting decreased the
initial growth of the plant. High temperatures can increase
callus formation, which has negative correlation with root
formation (Köse e Güleryüz, 2006).

The increase in the average temperature within
greenhouse contributed to a better development of the
grafts in the treatments of 60 and 90 days of storage. There
are differences in the development of vine grafts
depending on the time of grafting, with the greatest shoot
and root growth being attributed to higher thermal sums
accumulated after grafting (Maroli et al., 2014). Up to 130
days of development, the treatments 60 and 90 days of
storage had accumulated 1665 and 1900 degrees-day,
respectively, while the treatments 0 and 30 days of storage
had accumulated 1314 and 1460 degrees-day, respectively
(Figure 2).

The stratification temperature of 19 °C was better for
all variables in the treatment 90 days of storage because
of the early sprouting and excessive callusing at 24 °C
during the stratification period, decreasing growth after
planting. Sprouting during stratification must be
prevented by removing the grafts from the stratification
as soon as there is callus formation on the graft union, so
the carbohydrate reserve in the cuttings is allocated to
root formation before shoot formation, favoring the
absorption of water and nutrients (Regina, 2002). It is
evident that longer storage periods require lower

stratification temperatures, whereas in shorter storage
periods, the stratification temperature is not limiting for
the growth of vine grafts.

CONCLUSION
‘Niagara Rosada’ and ‘Paulsen 1103’ grapevine

cuttings can be stored in cold room for up to 90 days and,
during this period, table grafting can be performed at any
time; however.

The vine grafts from cuttings stored for more 30 days
in a cold room have better development. It is recommended
to stratify the vine grafts at 19 °C.

This protocol allows the scheduling of the grafting
activity and the optimization of the work at the nursery.
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